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Summary

Background: Chronic stress is estimated to increase the risk
of cardiovascular (CV) events two-fold. Although stress re-
duction has been linked to a reduction in CV events, little is
known regarding its exact mechanism of benefit. 

Hypothesis: Yoga and meditation will improve parameters
of endothelial function. 

Methods: We examined the effects of yoga and meditation
on hemodynamic and laboratory parameters as well as on 
endothelial function in a 6-week pilot study. Systolic and dias-
tolic blood pressures, heart rate, body mass index (BMI), fast-
ing glucose, lipids, hs C-reactive protein (CRP), and endothe-
lial function (as assessed by brachial artery reactivity) were all
studied at baseline and after 6 weeks of yoga practice. 

Results: A course in yoga and meditation was given to the
subjects for 1.5 h three times weekly for 6 weeks and subjects
were instructed to continue their efforts at home. This prospec-
tive cohort study included 33 subjects (mean age 55 ± 11
years) both with (30%) and without (70%) established coro-
nary artery disease (CAD). There were significant reductions
in blood pressure, heart rate, and BMI in the total cohort with
yoga. None of the laboratory parameters changed significant-
ly with yoga. For the total cohort there was no significant im-
provement in endothelial-dependent vasodilatation with yoga
training and meditation compared with baseline (16.7% rela-
tive improvement from 7.2–8.4%; p = 0.3). In the group with

CAD, endothelial-dependent vasodilatation improved 69%
with yoga training (6.38–10.78%; p = 0.09). 

Conclusion: Yoga and meditation appear to improve en-
dothelial function in subjects with CAD.
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Introduction

Comprehensive lifestyle changes including dietary modifi-
cation, weight loss, exercise, and stress management have been
shown to improve cardiovascular outcomes in patients with
coronary artery disease (CAD).1 Chronic stress doubles the
risk of myocardial infarction (MI),2 while acute psychological
stress is a known trigger of myocardial ischemia and acute
coronary events.3 Certain psychosocial behaviors, namely de-
pression, anxiety, anger, and type A behavior, are frequently
associated with ischemic heart disease and its complications.4

Current primary and secondary preventive measures continue
to emphasize modification of traditional risk factors for CAD,
while specific recommendations regarding psychosocial eval-
uation and intervention are frequently lacking.5, 6

Yoga and meditation are among the many stress man-
agement techniques incorporating “mind-body” techniques.7

Yoga, which signifies the union of mind and body, is simple,
does not require expensive equipment, and can easily be prac-
ticed at home. Mind-body exercises combine muscular activi-
ty with an internally directed focus so that the participant pro-
duces a temporary self-contemplative mental state. This is in
contrast to conventional exercises in which there is little active
mindful component. 

The benefits of yoga and meditation on CAD risk factors
(especially hypertension) are well known.8–14 As yoga incor-
porates physical exercise, it can improve lipid profiles and has
been associated with weight loss. Yogic breathing and postural
exercises improve sympathovagal balance, as witnessed by
improved heart rate variability and restoration of baroreceptor
reflexes in essential hypertension.15, 16 Breathing techniques
alone, which are often used in yoga, have been shown to re-
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duce the risk of a new coronary event after angioplasty.8 The
Lifestyle Heart Trial incorporated stress management tech-
niques including stretching exercises, breathing exercises,
meditation, progressive relaxation, and imagery with tradi-
tional lifestyle modification and showed regression of coro-
nary atherosclerosis after 1 year of life-style changes,1 which
was sustained at 5 years with sustained lifestyle changes.17

The individual contribution of stress management to cardiac
risk reduction is difficult to assess, however, and studies of
psychosocial interventions have yielded mixed results.18–20 In
addition, little is known regarding the direct effects, if any, of
yoga and meditation on the vascular tree. We hypothesized
that yoga would improve endothelial-dependent vasomotion
above and beyond any modification in traditional or novel car-
diac risk factors.

Methods

Study Participants

Subjects included those without known CAD (both with
and without CAD risk factors) and subjects with established
CAD (prior MI, coronary artery bypass graft, or percutaneous
coronary intervention). Exclusion criteria included those with
an acute coronary event, coronary artery intervention or bypass
graft within 3 months prior to the study, pregnancy, orthopedic
procedure within the prior 3 months, or inability to perform 
yogic exercises, as well as subjects already practicing yoga.

Study Design

We performed a prospective pilot study of both healthy sub-
jects and subjects with known CAD who had previously par-
ticipated in our cardiac rehabilitation program. All subjects at-
tended a seminar on yoga and heart disease carried out by the
authors prior to enrollment. Yoga and meditation classes were
given to the subjects for 90 min a day three times a week for 6
weeks. Each 90-min session included 15 min of meditation,
15 min of yogic breathing called pranayama, 20 min of deep
relaxation called shavasana, and 40 min of postural exercises
called asanas, as described below.

Shavasana/deep relaxation: Shavasana literally means
“corpse pose.” This relaxation method involves lying flat on
the back with arms about 15 cm away from the body, palms
facing upward. The feet are slightly apart and eyes closed.
The head and spine is in a straight line and the individual does
not sleep or move. Guided talk is given by the instructor to fo-
cus the participants’ minds on the various parts of their bodies
and also to create awareness of their breathing to create a deep
state of relaxation. 

Pranayama/breathing technique: “Prana” or vital energy
corresponds to “chi” or life force in Chinese medicine. This
technique helps the flow of vital energy. Participants practice
special breathing that involves four stages: slow deep inhala-
tion, breath holding, full exhalation with a closed glottis, and
breath holding. The four stages of the breathing are carried out

in a time ratio of 4:2:5:2. During breathing, the hands assume
various postures that help direct the flow of the vital energy to
different parts of the body. 

Asanas/postural exercises: Asanas are specific body posi-
tions that open energy channels. During various positions the
participants’ awareness is on their breathing. These positions
are practiced by the subjects with emphasis on not overexert-
ing themselves. 

Meditation: Participants are seated comfortably with eyes
closed and palms in their lap facing upward. They let the
thoughts flow by without holding on to any thought for a long
time. Meditation awakens the subconscious mind. Electro-
encephalographic (EEG) recordings show that during normal
waking state, beta waves (above 13 cycles/s) predominate in
the brain. During altered consciousness and meditation, alpha
waves (7.5–13 cycles/s) predominate in the brain.

A trained yoga instructor taught and participated in all yoga
sessions. All participants were taught the same yogic exercis-
es under supervision and were encouraged to continue this
practice at home. No specific dietary or exercise counseling
was performed, and subjects were encouraged to continue
their routine dietary and exercise habits throughout the 6-week
study period. Subjects were continued on their stable doses of
medications for hypertension, dyslipidemia, or diabetes dur-
ing the study period. There were no changes in individual
medications during the duration of the study.

Laboratory parameters were measured at baseline and after
6 weeks of yoga and included fasting glucose, lipid profile (to-
tal cholesterol, low-density lipoprotein cholesterol [LDL],
high-density lipoprotein cholesterol [HDL], triglycerides) and
high-sensitivity C-reactive protein (hs-CRP), as well as a base-
line HbA1c. Blood pressure and pulse rate were recorded on
three separate occasions before and after the 6 weeks of yoga
and averaged. Body mass index (BMI) was similarly calculat-
ed at baseline and at 6 weeks. Endothelium-dependent and -in-
dependent vasodilatation of the brachial artery was assessed at
baseline and after 6 weeks during the same time of day, in ac-
cordance with current guidelines.21

For the study, participants were positioned supine in a quiet
room. Brachial artery vasodilatation was assessed by two-di-
mensional Doppler imaging with a high-frequency 9-MHz
vascular transducer (Aspen platform, Siemens Medical Solu-
tions, Mountain View, Calif., USA). Anteroposterior diameter
of the brachial artery was imaged in the longitudinal plane
above the antecubital fossa at baseline. Then the artery was oc-
cluded by inflating a sphygmomanometer cuff below the ante-
cubital fossa at 50 mmHg above systolic blood pressure (SBP)
for 5 min to assess endothelial-dependent vasodilatation. The
cuff was then deflated and the image of the artery was record-
ed continuously for 30 s before to 2 min after cuff deflation.
After a period of rest for 10 min, a repeat baseline assessment
was done. Endothelial-independent vasodilatation was then
assessed after giving 0.4 mg of sublingual nitroglycerin. As
peak vasodilation occurs 3–4 min after nitroglycerin adminis-
tration, images were continuously recorded for this period.
Brachial artery measurements were standardized at the same
time of the cardiac cycle (peak of the R wave) using continu-
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ous electrocardiographic (ECG) monitoring. All measure-
ments (pre and post yoga) were interpreted blindly at the con-
clusion of the study to eliminate any potential bias.

Statistical Analysis

Statistical analysis was performed using the Statistical Pack-
age for Social Sciences 11 (SPSS, Inc., Chicago, Ill., USA).
Mean with standard deviation was used for continuous vari-
ables, while the categorical data frequency were used as sum-
mary statistics. T-test and chi-square tests were used where 
appropriate to assess the statistical differences in the character-
istics of the different groups. Baseline hemodynamic, labora-
tory, and endothelial parameters before yoga were compared
with those after 6 weeks of yoga in the total cohort, in the CAD
group, and in the group with no known CAD. 

Results

Forty-one subjects were enrolled in the study. Of these, 37
completed the study (4 persons were excluded for failure to
adhere to the yoga regimen). Eleven participants completed all
18 classes, 19 completed 16 of 17 classes, and 7 completed
less than 16 classes. Four participants had to be excluded from
the final analysis, as they did not complete the post-yoga
brachial artery study. Of the 33 subjects, 10 (30%) had a histo-
ry and 23 (70%) had no known history of CAD. In the total co-
hort, the mean age was 55.5 + 10.7 years, with 20 male (61%)
and 13 female (39%) subjects (Table I). Of the subjects stud-
ied, 63% had a history of hypercholesterolemia, 14 (42%)
were hypertensive, 2 (6%) were diabetic, 20 (61%) had a his-

tory of past or current smoking, and 6 (18%) had a family his-
tory of premature CAD. Compared with the non-CAD group,
subjects with CAD were older (mean age 63 vs. 52 years; p =
0.01), with a higher prevalence of hypertension, smoking, and
hypercholesterolemia. Statin use was also more frequent in
subjects with CAD (70 vs. 13%; p < 0.01), as was use of anti-
hypertension medication (60 vs. 35%; p = 0.03).

Baseline hemodynamics, laboratory parameters, and BMI
prior to yoga are also shown in Table I. Of note, for the total co-
hort the mean blood pressure was 130 mmHg SBP and 79
mmHg DBP, with a pulse of 74 beats/min and a mean BMI of
29. Baseline hemodynamic parameters, BMI, and laboratory
values did not differ between the groups with and without
CAD. After yoga, there was a significant 5 mmHg reduction 
in both SBP (p = 0.01) and DBP (p < 0.01) in the total cohort
(Table II). The pulse rate decreased by 9 beats/min (p < 0.01)
and BMI was reduced significantly from 29 to 28 (p < 0.01).
Fasting glucose, lipid parameters, and hs-CRP did not change
with yoga in the total cohort. 

However, hemodynamic parameters and BMI improved to
a lesser extent with yoga in the CAD than in the non-CAD
group. Compared with baseline, there was no change in SBP
and there were smaller, nonsignificant reductions in DBP,
BMI, and pulse with yoga in the CAD group. Conversely, in
subjects without known CAD, all four parameters were re-
duced significantly from baseline with yoga (p < 0.01 for all
variables). There was no significant reduction in glucose, total
cholesterol, LDL, HDL, triglycerides, or hs- CRP with yoga in
either of the subgroups. 

The results of assessment of brachial artery vasoreactivity
are shown in Table III. For the entire cohort, there was a 16.7 %
nonsignificant relative improvement in endothelial-dependent
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TABLE I Baseline demographic, hemodynamic, and laboratory parameters 

Total cohort
Coronary artery disease

(n = 33) Yes (n = 10) No (n=23) p Value

Age (years) 56 ± 11 63 ± 6 52 ± 11 0.004
Male (%) 20 (61%) 8 (80%) 12 (52%) 0.13
BMI 29 ± 5 29 ± 4 29 ± 6 0.83
Hemodynamics
Systolic blood pressure (mmHg) 130 ± 17 130 ± 15 130 ± 18 1.0
Diastolic blood pressure (mmHg) 79 ± 9 77 ± 7 80 ± 10 0.31
Heart rate 74 ± 11 70 ± 7 76 ± 13 0.08

Laboratory values
HgA1C (%) 5.2 ± 0.4 5.2 ± 0.4 5.2 ± 0.4 0.96
Glucose (mg/dl) 98 ± 15 103 ± 18 97 ± 14 0.3
Total cholesterol (mg/dl) 191 ± 48 175 ± 37 198 ± 50 0.15
LDL (mg/dl) 115 ± 41 99 ± 34.3 123 ± 42 0.09
HDL (mg/dl) 50 ± 15 46 ± 10 52 ± 16 0.15
Triglycerides (mg/dl) 142 ± 87 152 ± 61 137 ± 97 0.61
hs-CRP (mg/l) 1.8 ± 2.3 2.0 ± 2.3 1.5 ± 2.4 0.64

Abbreviations: BMI = body mass index, Hg A1C = glycosylated hemoglobin, LDL = low-density lipoprotein, HDL = high-density lipoprotein,
hs-CRP = high-sensitivity C reactive protein.
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function (cuff response) with yoga and meditation (from
7.2–8.4%; p = 0.3). The CAD subgroup, however, showed a
69% improvement in endothelial-dependent function (from a
baseline of 6.4–10.8% after yoga; p = 0.09). In the subgroup
without known CAD, no improvement in endothelial-depen-
dent function was seen with yoga (7.5 vs. 7.3%; p = 0.9).
Endothelial-independent vasodilatation (response to nitro-
glycerin) showed little change with yoga (8.3% improvement
from 12.1% at baseline to 13.1% after yoga; p = 0.7) in the to-
tal cohort or either of the two subgroups. By multivariate anal-
ysis, there was no association between the improvement in en-
dothelial-dependent vasodilatation with yoga and any changes
in BMI, hemodynamic parameters, or laboratory values.

Discussion

Our pilot study analyzed the effect of a 6-week yoga pro-
gram on conventional cardiac risk factors and endothelial
function, independent of dietary, pharmacologic, or exercise-
based intervention. Previously the effect of yoga has been
studied in conjunction with aerobic exercise and a low-choles-
terol, low-fat, vegetarian diet in CAD. The various endpoints
assessed in prior trials were duration of exercise, improvement
in regional wall motion or ejection fraction, decrease in angi-
nal episodes, decrease in plasma cholesterol, regression of
coronary atherosclerosis by quantitative angiography, and
changes in myocardial perfusion. The earliest improvements
in exercise duration, regional wall motion, ejection fraction,
anginal episodes, and plasma cholesterol were seen in 24 days
(after 5 h of stress management training a day). However, the
relative effect of the individual components of the lifestyle in-
terventions in these trials is not well known. 

We believe our study is one of the first to assess changes in
vascular reactivity in response to yogic exercises and medita-
tion to elicit the mind–body interaction. Our psychosocial in-
tervention was undertaken without attempts to alter traditional
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TABLE II Changes in hemodynamics, body mass index, and labo-
ratory parameters with yoga 

Pre yoga Post yoga p Value

Systolic blood 
pressure (mmHg ) 130 ± 17 125 ± 14 0.01

Diastolic blood 
pressure (mmHg) 79 ± 9 74 ± 7 <0.01

Heart rate 74 ± 11 65 ± 11 <0.01
BMI 29 ± 5 28 ± 5 <0.01
Glucose (mg/dl ) 98 ± 15 98 ± 15 0.68
Total cholesterol (mg/dl) 191 ± 48 190 ± 46 0.83
LDL (mg/dl) 115± 41 113 ± 39 0.85
HDL ( mg/dl ) 50 ± 15 49 ± 14 0.45
Triglycerides (mg/dl ) 142 ± 87 144 ± 78 0.72
hs-CRP (mg/l) 1.8 ± 2.3 1.8 ± 2.2 0.96

Abbreviations as in Table I.
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cardiovascular risk factors. Improvement in endothelial-de-
pendent vasodilatation with yogic exercise and meditation was
seen in patients with CAD independent of modification of oth-
er CAD risk factors. This finding mirrors the recent observa-
tion of improved flow-mediated dilatation with stress manage-
ment in patients with stable ischemic heart disease.19 This
finding must be considered preliminary given our small sam-
ple size and borderline statistical effect. Despite the limitations
of a small sample size and short duration of yoga training, a
relatively dramatic improvement was seen in endothelial-de-
pendent vasodilatation in patients with CAD. This occurred
despite a high penetration of statin use in patients with CAD,
which could have masked some of the salutary effect of yoga
on endothelial function. Statin use and small sample size may
have masked any change in inflammatory markers with yoga.
Similarly changes in hemodynamic parameters with yoga
may have been masked by the use of antihypertensive medica-
tions, which was common in the CAD group. Our study lends
physiologic credence to the role of psychosocial interventions
to reduce stress reduction in improving cardiovascular event
rates. It was interesting to note that little effect was seen in pa-
tients without established CAD. 

Endothelial dysfunction results in a decreased bioavailabil-
ity of nitric oxide with resultant enhanced vascular tone, plate-
let aggregation, and upregulation of adhesion molecules.
Mental stress has been shown to induce transient endothelial
dysfunction in healthy individuals;22 therefore, the finding of
improved endothelial function with stress management tech-
niques is not surprising. Chronic stress has a profound effect
on the central nervous system resulting in upregulation of
sympathetic nervous system activity and the hypothalamic-pi-
tuitary-adrenal axis. The latter results in hypercholesterolemia
which, along with increased sympathetic nervous system hy-
peractivity, promotes the development of insulin resistance, a
proinflammatory state, and subsequently endothelial dysfunc-
tion. Despite the short duration of the study (6 weeks), SBP
and DBP, as well as heart rate were significantly reduced in the
entire cohort, consistent with successful yoga training. The
beneficial effect of yoga in the control of essential hyperten-
sion and heart rate may be due to improved baroreceptor sensi-
tivity or decreased sympathetic drive.15, 16 The lack of a signif-
icant hemodynamic response to yoga in the CAD group may
be due to the small number of subjects studied, as well as to
more frequent use of antihypertensive and statin medications
at baseline. No changes were observed in blood glucose, lipid
profile, and CRP in the total cohort or either subgroup, but this
may be due to the short duration of yoga with only modest
weight loss, prior use of statins, and again small sample size.
Yoga training has been previously shown to restore normal
baroreceptor sensitivity and correct neurohumoral abnormali-
ties within 3 weeks in essential hypertensive subjects,16 but it is
quite possible that a study of longer duration of is required to
achieve a more robust effect on vascular tone, traditional coro-
nary risk factors, or markers of inflammation.

Our study has significant limitations. Given that it is a
small study with short duration of therapy, the resultant wide
confidence intervals are to be expected. Given the rigorous

time commitment, 20% (8/41) of subjects failed to complete
some portion of the study protocol. The patients were not ran-
domized to a control group, but prior studies have shown
brachial artery studies to be reproducible if done during the
same time of day (and during the same time of the menstrual
cycle). Although counseled against starting other lifestyle
modifications during the study period, patients may have ini-
tiated other healthy lifestyle interventions which could have
influenced our results. Although vasoactive drugs were con-
tinued throughout the study, there was no titration of doses or
changes in medications over that time period. Despite these
limitations, yoga training and meditation appear to improve
endothelial-dependent vasodilatation, independent of changes
seen in blood pressure and BMI, in subjects with CAD. Sim-
ilarly improvement in lipid, fasting glucose, or inflammatory
parameters did not account for this effect. Further studies are
warranted for a better assessment of the effect of yoga training
and meditation on endothelial function.

Conclusion

Yoga and meditation appear to have salutary effects on en-
dothelial function in subjects with CAD, independent of any
change in cardiac risk factors. This pilot study awaits confir-
mation in a larger randomized trial. 
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